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INTRODUCTION 


Stability and control derivatives extracted from flight data have been 
used for many years to provide final verification of the predicted full-scale 
aircraft aerodynamic characteristics and for the verification of prediction 
techniques. The flight-determined derivatives can be compared with calculated 
derivatives and wind-tunnel predictions, and this comparison can be used to 
update prediction methods for the improvement of future aircraft designs. 

Many areas need to be studied to assess the reliability of the flight-measured 
stability and control derivatives. Among these areas is the effect of sam- 
pling rate and record length. The desire to minimize the amount of data proc- 
essing required for any given flight program creates a need for more economi- 
cal data handling techniques. A reduction in sampling rate and/or record 
length would significantly economize on computer utilization for processing 
flight data in such an analysis. Little effort has been devoted to this sub- 
ject in aircraft parameter estimation. 

The computation time required to perform a derivative estimation is di- 
rectly proportional to the number of data points. The number of data points 
is determined by the sampling rate and the record length. The lowest sam- 
pling rates possible for derivative analysis are examined in this report, al- 
though the sampling rate required for filtering in the data acquisition sys- 
tem is usually higher than that necessary to obtain stability and control de- 
rivatives. This report presents the results of determining stability and con- 
trol derivatives from flight data using the maximum likelihood estimation tech- 
nique (ref. 1). Several lateral-directional and longitudinal maneuvers were 
analyzed at different sampling rates and record lenghts to assess the effect of 
sampling rate and/or record length. Time shifting effects (ref. 2), which 
also influence the quality of the estimates, are not investigated in this re- 
port. 


SYMBOLS 


P 

P 

q 

q 

r 

V 



<t> 


normal acceleration, g 

lateral acceleration, g 

nondimensional rolling-moment coefficient 

nondimensional pitching-moment coefficient 

nondimensional yawing-moment coefficient 

nondimensional side-force coefficient 

nondimensional normal-force coefficient 

roll rate, deg/sec or rad/sec 

rolling angular acceleration, deg/sec^ 

pitch rate, deg/sec or rad/sec 

2 2 

dynamic pressure, kN/m (Ib/ft ) 
yaw rate, deg/sec or rad/sec 

2 

yawing angular acceleration, deg/sec 

velocity, m/sec (ft/sec) 

angle of attack, deg or rad 

angle of sideslip, deg or rad 

aileron deflection, deg or rad 

differential tail deflection, deg or rad 

blended combination of spoiler and differential 
tail deflections, deg or rad 

elevator deflection, deg or rad 

rudder deflection, deg or rad 

pitch angle, deg or rad 

roll angle, deg or rad 
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Subscripts: 

p, q, r, a, p partial derivative with respect to the 

<5_ , 6 subscripted variables 
a c^ C 2 


METHOD OF ANALYSIS 


A maximum likelihood estimation (MLE) method of analysis, described in 
reference 1, was used to determine a complete set of linear stability and con- 
trol derivatives from the maneuvers performed in flight. The method is a 
digital computational technique that determines the best set of coefficients 
(stability and control derivatives) of the linearized equations of motion. This 
technique minimizes a weighted integral squared error between flight-measured 
and estimated time histories. 

The result is that the estimated time history tends to match the flight 
time history. Examples of matches of lateral-directional data for each of the 
five aircraft investigated are shown in figure 1, and the matches for the 
longitudinal data are shown in figure 2. The solid line is the measured data 
and the dashed line is the MLE estimated data. The elements of the weighting 
matrices for each vehicle (discussed in general in reference 3) are given in 
reference 2. 

The Cramer-Rao bound (refs. 3 and 4) provides an estimate of the degree 
of confidence that should be placed in the derivatives extracted from flight 
data. This bound, also called the uncertainty level, provides an estimate of 
the lower bound of the covariance of the parameters estimated from a given set 
of flight data. 


TEST AIRCRAFT AND DATA SYSTEM 


Flight tost data from several types of aircraft were analyzed to obtain 
results that were independent of the aircraft configuration. The choice of 
aircraft was based largely on the availability of the proper dynamic response 
data for determining stability and control derivatives. The data are from 
flight test programs conducted at the NASA Dryden Flight Research Center. 
These aircraft represent a wide variety of aircraft configurations. 

Data from five aircraft, referred to as aircraft A, B, C, D, and E, were 
used. Aircraft A was a PA-30 aircraft, a light, twin-engine general aviation 
airplane described in reference 5. An unpowered remotely piloted 3/8-scale 
model of the F-15 airplane (ref. 6) was aircraft B. The JetStar airplane, a 
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low-winged executive jet transport, was aircraft C (ref. 7). Aircraft D was 
an F-111A airplane (ref. 8), a fighter with a variable sweep wing. The HL-10 
lifting body research vehicle (ref. 9) was aircraft E. 

Table 1 lists the flight conditions for which the data from the five 
aircraft were acquired. Each individual case represents a single maneuver. 

All of the tests were performed at a nominal load factor of Ig with stability 
augmentation systems off. The sense of the rudder direction for aircraft C 
end the sense of lateral control for aircraft D are opposite to the sense of 
these controls for the other aircraft. 

The test aircraft were instrumented to measure three-axis linear accelera- 
tions and angular rates, Euler angles, angle of sideslip, angle of attack, con- 
trol surface deflections, velocity, and altitude. The data were recorded on a 
nine-bit pulse code modulation (PCM) magnetic tape system. The basic sampling 
rates of the PCM system were 200 samples per second per channel for aircraft A, 
B, and C; 20 samples per second per channel for aircraft D; and 50 samples per 
second per channel for aircraft E. Data from aircraft A, B, and C were thinned 
to 50 samples per second for processing. The tabulated values in table 1 for 
the sampling rates are referred to as the baseline sampling rates. 

Before being encoded and recorded by the PCM system, the data were fil- 
tered with a first-order, low-pass anti-aliasing filter. The 200 samples per 
second data for aircraft B were also digitally filtered to remove high fre- 
quency structural resonance before thinning. 


RESULTS AND DISCUSSION 


The high quality data from aircraft A were selected for more extensive 
analysis than the data from the other four aircraft. Once conclusions had 
been drawn from the aircraft A data, the results from the other aircraft were 
used to generalize these conclusions. Consequently, treatment of aircraft A 
will be more thorough than that of the other aircraft, and comparisons will be 
cited where applicable. Aircraft B, C, D, and E represent a broad class of 
aircraft for a wide variety of flight conditions (Mach number, angle of at- 
tack, etc.). The acceptable data from these four aircraft showed greater non- 
linearities (indicated by poorer matches between computed and actual flight 
data) than did the data from aircraft A. Lateral-directional and longitudinal 
maneuvers for each aircraft (except aircraft E, where a longitudinal maneuver 
was not used) were analyzed. The type of input for each maneuver is listed 
in table 1. The values of the elements of the weighting matrices used in the 
maximum likelihood estimator are shown in table 2. The values of the deriv- 
ative estimates computed from the baseline sampling rates (table 1) are des- 
ignated as baseline derivative values. These values are presented in table 3. 

Experience has shown that data obtained at 50 samples per second for 
record lengths at least twice the characteristic time of the aircraft have 
provided satisfactory stability and control derivative estimates. Therefore, 
it was not necessary to study sampling rates higher than 50 samples per second. 
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The aircraft A data base contained lateral -directional and longitudinal 
maneuvers with control inputs of two different amplitudes. Five small ampli- 
tude maneuvers with nearly identical control inputs and four large amplitude 
maneuvers with nearly identical control inputs were used for the lateral - 
directional analysis; and similiarly, two groups of four longitudinal maneu- 
vers were analyzed. The nearly identical control inputs were obtained by up- 
linking (ref. 10) the computer-generated control commands. The ratio between 
the large and small amplitude similarly-shaped control inputs is a factor of 
1.4 for the longitudinal maneuvers, and a factor of 2.0 for the lateral - 
directional maneuvers. A comparison of the resulting stability and control 
derivatives from the large and small amplitude maneuvers reveals information 
about the consistency of the estimated derivative trends as sampling rate 
and/or record length are reduced. No study was done on the o^her aircraft to 
show the effect of record length or control input amplitude. 


EFFECT OF SAMPLING RATE AND RECORD 
LENGTH ON TIME HISTORY MATCHES 


As expected, the matches between flight and estimated time histories, 
when data with very low sampling rates were used in the analysis, were less 
satisfactory than the matches obtained with baseline data. This is due to 
limited definition of the measured signals. For example, figures 1(a) and 
2(a) show the matches that resulted with the baseline data at 50 samples per 
second for a lateral-directional and a longitudinal maneuver from aircraft A, 
and the matches for the same maneuvers are represented at a reduced sampling 
rate of five samples per second in figures 3(a) and 3(b). The degradation 
of the matches between estimated and actual data, as a result of thinning 
the data, is evident. It was also observed that as the sampling rate was 
reduced, the number of iterations required for convergence increased. The 
computation time still decreased at lower sampling rates, but because of the 
increased number of iterations the decrease was not proportionate to the re- 
duction in number of data points. Divergence occurred when the sampling rate 
approached 5 samples per second. In most cases, the maximum likelihood estima- 
tion program converged to a reasonable answer even if the sampling rate was 
severely reduced. 

Reducing record length did not show any significant effect on the qual- 
ity of the time history matches. The lateral -directional and longitudinal 
maneuvers of figures 1(a) and 2(a) are shown again at the same sampling rate 
in figures 4(a) and 4(b), but this time with half record length, and in fig- 
ures 5(a) and 5(b) with fourth record length. The deviation from the original 
maneuvers is very slight in a few of the parameters or not noticeable at all. 
The weighted error sums derived from the maximum likelihood estimator are a 
measure of the quality of the match. The error sums did not change appreci- 
ably as record length decreased. The number of iterations required for conver- 
gence was nearly the same as (or the full record length despite any change in 
record length. 
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EFFECT OF SAMPLING RATE AND RECORD 


LENGTH ON DERIVATIVE ESTIMATES 


The sampling rates for both lateral-directional and longitudinal maneu- 
vers for each aircraft were reduced (by thinning the data) from their base- 
line rates to as low as 2.5 samples per second, or until the maximum likeli- 
hood estimation computer algorithm failed to uniformly converge to an answer. 
First, the baseline values of the derivatives were estimated for each aircraft 
(table 3). To assess the effect of reduced sampling rate, the rate was low- 
ered and a new set of derivatives was obtained for each maneuver. The dif- 
ference in the derivatives was attributed to the decreased number of data 
points analyzed per unit of time. Since the number of data points used is a 
function of both the sampling rate and the record length, the combined effect 
of sampling rate and record length was also investigated. To evaluate this 
combined effect, only the high quality data from aircraft A were used. 

The first step in measuring the combined effect of sampling rate and rec- 
ord length on the derivative estimates was to shorten each aircraft A maneuver 
to one-half and then one-fourth of its baseline record length. Next the sam- 
pling rate was lowered using each new record length to acquire a different set 
of derivatives for every maneuver. The portion of each maneuver where the 
control input occurred was always included in the data. At a fixed sampling 
rate, a comparison between the estimated derivatives determined using full 
record lengths with the estimates found at each reduced record length shows 
the effect of record length on the estimates. It should be noted, for example, 
that the same number of data points are used for the analysis of the entire 
record length at 2.5 samples per second as are used for the half record length 
at 50 samples per second. Based on the derivatives computed at 50 samples per 
second and full record length, the percentages of change of the estimates de- 
termined at 25 samples per second were compared to those found with half rec- 
ord length at 50 samples per second. Similarly, the derivatives obtained at 
12.5 samples per second were compared to those determined with quarter record 
length at 50 samples per second. The results are shown in tables 4(a) 
(lateral-directional maneuvers) and 4(b) (longitudinal maneuvers). Comparing 
these differences demonstrates the desirability of lessening sampling rate as 
opposed to reducing record length as a method of reducing the total computer 
time required in a stability and control analysis. 

The stability and control derivatives for each set of maneuvers from air- 
craft A are presented as functions of sampling rate in figures 6, 7, 8, and 9 
for full record length (top), half record length (middle), and quarter record 
length (bottom). The maneuvers are grouped according to type (lateral- 
di recti onal and longitudinal) and amplitude of control input. All the 
lateral-directional maneuvers from aircraft A have only aileron inputs since 
aircraft A is known to have a rudder input response which is inadequate for 
determining a complete set of stability and control derivatives. Since the 
rudder maneuvers do not lend themselves to yielding high quality stability 
and control derivatives for the maximum sampling rate, it was felt that it 
would not be valid to evaluate the effect of sampling rate and record length 
on these data. 
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Figure 6 shows the plots of the lateral -directional stability and control 
derivatives versus sampling rate for the five smaller (|6_| < 10 degrees) con- 

a 

trol input lateral -directional maneuvers from aircraft A. A point is plotted 
on the right that represents the root mean square average of those derivatives 
computed at 50 samples per second, and the vertical bar associated with this 
symbol is the average of the corresponding uncertainty levels. These uncer- 
tainty levels show the amount of scatter that might be expected at the highest 
sampling rate. Similar plots of the four larger (|6.l< 20 degrees) input 

Q 

lateral-directional maneuvers are shown in figure 7. figures 10, 11, 12, and 
13 show the lateral-directional derivatives versus sampling rate for aircraft 
B, C, D, and E, respectively. The longitudinal stability and control deriva- 
tives versus sampling rate obtained from the four smaller (16^1 < 1.1 degrees) 

control input longitudinal maneuvers from aircraft A are shown in figure 8. 
Figure 9 represents similar results for the four larger (l«5gl< 1-5 degrees) 

input longitudinal maneuvers . The longitudinal derivatives as a function of 
sampling rate for aircraft B, C, and D are plotted in figures 14, 15, and 16, 
respectively. 


Lateral -Di rectional Deri vati ves 


Effect of sampling rate. - The lateral-directional results for air- 
craft A summarized in table 4(a) indicate that, except for Cy and C 

the change due to sampling rate reductions from 50 to 12.5 samples per second 
Is not greater than two percent. The percentages of change in Cy and C 

T ^ lie 


are large because the baseline values are close to zero. A study of the plots 
in figures 6 and 7 reveals the following significant observations of the effect 
of sampling rate on the aircraft A derivatives. 


1. The change in the non-control static derivatives is insignificant 
to as low as five samples per second. They show very consistent trends with 
respect to sampling rate reduction. 


2. The rotary derivatives and the coefficient of the partial deriva- 
tives of side force and yawing moment with respect to the control input 
(Cy and C ) are not predicted as well when sampling rate is reduced for the 

cases with smaller amplitude inputs. Usually, the trends of these estimates, 
are constant, but more scatter about the trend was evident in some cases. 


3. Rates as low as 5 to 10 samples per second are acceptable to compute 
derivative estimates for aircraft A. 


The lateral -directional plots in figures 10, 11, 12, and 13 demonstrate 
good agreement between aircraft A and the aircraft B, C, D, and E findings. 
Static derivatives show consistent trends, yet the rotary derivatives and the 
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coefficient of the partial derivative of side force with respect to the con- 
trol motion (Cy , Cy , Cy , and Cy ), occasionally show increased fluc- 


tuations as sampling rate is reduced. Nevertheless, 10 samples per second are 
sufficient to compute derivative estimates with little variation from the 
baseline values, and 5 samples per second are acceptable for most estimates. 

Effect of record length. - Table 4(a) shows that the effect of reducing 
the record lengths of the aircraft A maneuver is much more pronounced, with 
up to nearly 100 percent change in the estimates of Changes in Cy and 

^a 

C are again large partly because of their very small baseline values. Fig- 

ures 6 and 7 show that the trends of the estimates with respect to sampling 
rate and record length for the smaller and larger amplitude maneuvers are 
similar. The greater scatter in the small amplitude cases is character- 
istic of each record length. For full record lengths (top plots), the esti- 
mates in general do not change significantly until a sampling rate of about 
five samples per second is used, the exceptions being Cy and C . At 

“a 

one-half record length, the trends are still obvious and very similar to full 
record length trends, but with slightly more scatter present. The quarter rec- 
ord length plots do not indicate well defined trends in the derivatives, espe- 


cially in C 


and C. for the smaller inputs. The control deriva- 
'P P 


tives do not get worse when record length is decreased as the entire pulse was 
retained when the length of the maneuver was shortened, thus increasing the 
relative information of these derivatives. 


No study was done on the effect of record length on the maneuvers for 
other aircraft. 


Longitudinal Derivatives 

Effect of sampling rate . - The longitudinal results for aircraft A de- 
picted in table 4(b) indicate that, except for C and C, ,the change due 

111 ^ ^ 

“ ®e 

to sampling rate reduction from 50 to 12.5 samples per second is not more than 
three percent. The C and C, changes are large because the 50 samples per 

% H 

e 

second values are small. (C is small due to the aft center of gravity loca- 

a 

tion.) Derivative estimate trends in figures 8 and 9 are very similar to each 
other, yet greater scatter in the smaller amplitude control input maneuvers 
exists, as was noted for the lateral-directional maneuvers discussed earlier. 
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and C, are exceptions to the otherwise very consistent trends in the 
a ^6 

e 

derivatives as sampling rate is reduced for full record lengths. These 
trends are consistent when sampling rate is reduced to 10 samples per second. 
Five samples per second is tolerable for most estimates. 

The important observations of the effect of sampling rate on the esti- 
mated longitudinal derivatives, based only on the data analyzed, are sum- 
marized below: 

1. Cj shows the least consistent trend of the estimates as sarn- 
ie 

pling rate is reduced. The other longitudinal derivatives are very consist- 
ent. 


2. Ten samples per second are more than adequate to estimate deriv 
atives. 


Figures 14, 15, and 16 show good comparison between results for aircraft 
B, C, and D, and the aircraft A results. C, fluctuates in most cases as 

^6 


e 

sampling rate is reduced, while the other derivatives are steady. Ten sam- 
ples per second is satisfactory for derivative extraction for all aircraft. 


Effect of record length. - Table 4(b) shows that the effect of re- 
ducing record length is much greater than lessening sampling rate. Further- 
more, figures 8 and 9 show that the derivative values obtained at quarter 
record length are very similar to those derived at half record length. 

and changes are large for the same reason mentioned in the previ- 
a ^6 

e 

ous section. Observations of the effect of record length on the longitudinal 
derivatives correspond very well with the effects on the lateral-directional 
estimates discussed earlier. 


EFFECT OF CONTROL INPUT SHAPE 

The effects of time duration and rapidity of the control input's on the 
derivative estimate trends with reduced sampling rate and record length were 
studied for lateral-directional and longitudinal maneuvers from aircraft A. 
The maneuvers were performed with slcwly-varying control inputs and had the 
same input energy as the standard pulses previously discussed. The time 
duration and rapidity of the control inputs had no substantial effect on 
the trends of the derivatives. The more slowly-varying control inputs, 
however, demon'-trated much more scatter with reduced record length and/or 
sampling rate, as would be expected since the entire pulse may not be 
represented in a shortened maneuver. As a result, the effects of sampling 
rate and record length reductions were not as obvious with a longer, slower- 
varying control input. Hence, the maneuvers with sharp, larger pulses were 
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1 


presented in this report to demonstrate the effects of sampling rate and/or 
record length on the derivatives. 

In summary, it has ueen determined from the data for the lateral - 
directional and longitudinal derivatives that if it is desirable to obtain 
accurate estimates of the control derivatives (especially , C , and 

\ 

) and to a lesser degree the rotary derivatives (C^ , , and ), 

6g r ; p q 

sampling rates of 10 samples per second or higher should be used in the anal- 
ysis. The derivatives that have the greatest effect on the aircraft response, 
like C , were not affected until very low rates and short record lengths 
P 

were reached. An important aspect of all the derivative trends from both 
types of aircraft A maneuvers is the increased scatter in the estimates as 
the amplitude of the control inputs is decreased. 

The lowest tolerable sampling rate for extracting reasonably accurate 
stability and control derivatives is nearly identical (5 to 10 samples per 
second) for all these aircraft. Any vehicle being tested should be studied 
to determine the lowest acceptable sampling rate with the requirements of 
individual testing and computation facilities. Since the sampling rate 
required for digital data filtering is usually higher than that necessary to 
obtain stability and control derivatives, the data must be filtered before 
it is thinned. The effect of sampling rate needs to be checked regularly to 
verify that the estimation process yields sufficiently good estimates. 


EFFECT OF SAMPLING RATE AND RECORD LENGTH 
ON UNCERTAINTY LEVELS 

Tiie vertical lines through the data points at the baseline sampling 
rates in figures 6 through 16 indicate uncertainty levels. The uncertainty 
levels at the highest sampling rate represent the inherent error in the 
baseline estimates. These levels are bounds that a particular derivative 
for a particular maneuver should remain within to be considered satisfactory 
as sampling rate is reduced. For the aircraft A maneuvers (figures 6, 7, 

8, and 9), the trends of the uncertainty levels are consistent with the theo- 
retical definition of uncertainty level. The uncertainty levels are the smal- 
lest for maximum record length, and as the error due to reduced record length 
(less information of the aircraft response) increases, the size of the uncer- 
tainty level increases. The uncertainty levels are also larger for the smaller 
amplitude control input cases (figures 6 and 8) as compared to the larger 
amplitude maneuvers (figures 7 and 9). A major determining factor in any 
stability and control analysis is the accurate definition of control motion. 

The resolutions of the signals used for processing will affect the estimated 
aircraft response to the control input to a greater degree for a small input 
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than for a larger one. Consequently, less information is present in the data 
and more error is introduced into the estimated derivatives. 

As an example of the influence on the uncertainty levels due to reduc- 
tions in the sampling rate, figure 17 shows derivative plots, with confidence 
levels, of the lateral-directional aircraft A maneuver of figure 1(a). The 
levels are fairly constant with reduced 'ampling rate. The disagreement at 
2.5 samples per second was found to be a result of missing the initiation of 
control motion. Therefore, the vehicle appeared to stcrt responding at a dif 
ferent initial time point than the control motion. Consequently, the control 
time history resulted in unacceptable predictions of motion, degrading the 
estimated derivatives. 

The uncertainty levels get larger wh n greater scatter exists in the 
derivatives at the lower sampling rates ^ ,d shorter record lengths. The 
confidence level trends are as expected when less information is given in 
the data. Trends in the confidence levels from the maneuvers of the other 
aircraft and aircraft A were in good agreement. 


CONCLUDING REMARKS 


The effects of sampling rate and record length on flight determined 
stability and control derivatives were determined by reducing the sampling 
rate and record length from their baseline values. The derivatives for the 
data were extracted by using the maximum likelihood estimat'on method and 
analyzed as a function of sampling rate. The combined effect of sampling 
rate and record length was also investigated. 

Several types of aircraft were studied to determine the effects of sam- 
pling rate and record length on the derivatives. A wide variety of aircraft 
configurations and flight conditions were used to distinguish between the 
results dependent upon the class of aircraft and the quality of the data, and 
those effects that were independent of these variables. The effects of sam- 
pling rate derived from the high quality PA-30 (aircraft A) data were verified 
with some lower quality (but still acceptable) data from various other air- 
craft in different flight conditions. Confirmation of the results by these 
other ai.uraft was convincing. Generalizations for all aircraft should not 
be made because the data base was small, but the following conclusions about 
the effects of reductions in sampling rate and record length of the maneuvers 
used in this study may be drawn. 

1. Excluding digital filtering and data time-shifting considerations, 
a sampling rate of 5 to 10 samples ner second has been found to be adequate 
to obtain reasonably accurate stability and control derivatives by using the 
maximum likelihood estimation method. 

2. Reducing the sampling rate is more desirable than reducing the 
record length as a method of lessening the total computation time required 
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for estimation without greatly degrading the quality of the estimates. If 
the record length and sampling rate are reduced simultaneously, the magni- 
tude of the tolerable reductions is smaller. 

3. Reducing sampling rate and record length degraded the accuracy of 
the derivative estimates. The determining factor is the accurate definition 
of control motion. The small amplitude inputs demonstrate greater degradation 
than the larger amplitude control inputs. The less significant control deriv- 
atives and the lateral-directional rotary derivatives were affected more than 
the other derivatives by the reduction of sampling rate and/or record length. 


Dryden Flight Research Center 
National Aeronautics and Space Administration 
Edwards, California, October 31, 1978 
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CASE 

(MANEUVER) 


V. 


(lb/ft ) 


26a/ (3) 

8.58 

i 42.8(140.3) 

26b/(1) 

8.64 

43.1(141.3) 

27 /(2) 

8.10 

43.3(142.1) 

28 /(9) 

8.76 

i 42.4(139.1) 

29 /(5) 

9.08 

42.1(138.2) 

30 /(3) 

8.97 

1 42.7(140.2) 

31 /(I) 

9.06 

42.4(139.2) 

32 /(2) 

9.33 j 

42.2(138.6) 

33 /(4) 1 

1 

9.24 i 

i 

42.2(138.3) 


0.86(18.0) 


0.87(18.1) 


6a 

50 

,6a 

50 

6k 

50 

! 

50 


50 

1 ^ 

50 

* ^ 

50 

1 

i ^ 

50 


50 


9 / 

10 /(I) 



43.3(142.1) 

0.90(18.9) 

42.9(140.9) 

0.89(18.6) 

1 

41.8(137.3) 

; 0.85(17.7) 

42.7(140.0) 

1 0.88(18.4) 

42.3(138.7) 

1 0.86(18.0) 

42.4(139.2) 

1 0.87(18.2) 

42.4(139.0) 

j 0.87(18.1) 

41.7(136.9) 

1 0.84(17.6) 


6e 

5 
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Table l - test conditions 

(continued) 


(b) Aircraft C, D, and E 
Lateral-Directional I^aneuvers 
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iIach 
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L 

aj 

DEG 


^•2 

kN/m^ 

(lb/ft^) 
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SAMPLING RATE, 
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129.7(925.9) 
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TABLE 1. - TEST CONDITlOtlS 
(continued) 


(c) Aircraft B, C, and D 
Longitudinal Maneuvers 


r — , 
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TABLE 3. - BASELHIE DERIVATIVES 
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TABLE 3. - BASELINE DERIVATIVES 
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TABLE 3. - BASELINE DERIVATIVES 

(CONTtNgEO) 

(c) Aircraft B> C< and D 
Longitudinal Maneuver 
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Asterisk designates average computed with extreme values. Averages taken excluding 

THESE values ARE IN PARENTHESES. 




TABLE A. - PERCENT DIFFERENCE IN 

DERIVATIVES FOR AIRCRAFT A 

(all numbers in percent) 
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(a) Aircraft A» 6a pulaa. 


Figure 1. Typical match between estimated and measured 
flight time histories for a lateral -directional maneuver 
at the baseline sampling rate and full record length. 
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Figure 2 . Typical match between estimated 
and measured time histories for a longitu- 
dinal maneuver at the baseline sampling 
rate and full record length. 
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Figure 2. Continued 
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Figure 4. Matches between estimated and measured flight time histories 
for Aircraft A maneuver with record length reduced to one-half. 
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Figure 5. Matches between estimated and measured flight time 
histories for Aircraft A maneuver with record length reduced 
one-quarter. 
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Figure 6. Estimated lateral-directional derivatives as a function 
of sampling rate for Aircraft A maneuvers with small 
amplitude control inputs. 
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Figure 6. Continued. 
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